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m-l Identity of System Controlling Expression of gl- and +g-l _I -..-.-.-. --...-_^-_.. --._- .- x. 

tiring the summer of 1955 when tests of of the behavior of a2 m-l 

were resumed, evidence was obtained indicating that an Spm-type element w 

was responsible for control of gene action at a2 m-l . As pointed out 
JT ,* 1 

in the last section, the expression of this Spm element was obscure 
n 

and this contrasted with the clearity of this in the a1 m-l cultures. 

However, several test crosses were made during the summer of 1955 

the result+ of which that the Spme element in the aim-1 
, . -. &&4&&J w, 0‘ _ pd./r 8 r: ; 

cultures wf3&M control'gene action at a2 m-l ,irr-B expressed a . 
k: :~~l~~w -b 

manner as it was do-in the A al m-l cultures. Tests were then 
7.‘) < ’ ) _ 

initiated to de&erm&ne&f this could-be demonstrated;- . 

(.i.J,,* -,I ..F’ . :. * ’ 
&ring the summer of 1949, a plant that was homozygous for a2 m-l 

had been crossed to one homozygous for the standard recessive, a*. 

On the ear this cross produced, there weremany uniformly pale colored . . 

-+hJ 4 
'5. , 

kernels and some variegated kernels showi+xg spots or specks of A2 in‘s 4 

colorless background. In 1950, some of the kernels on this ear were 

sown under culture number 5303,and those in 5303C were derived from 

pale colored kernels in which there were one or several colorless 

the 
areas within which specks of,A2 phenot,>pe were present. One plant 



2 

in culture 5303C, plant number & was variegated in that small streaks 

of the A2 phenot,,.pe appeared in a non-pigmented background. This 

plant was a2 m-lLa2 i n constitution. The first ear on the main stalk 

was self-pollinated. Among a total of 455 kernels this ear produced, 
4 

* Q.4. ;+ .; I 'it-& 
150 were uniformly pale colored, 195 were variegatedithe pattern of l&&s 

/jq ' ,/ij#.Q - rd. :_ v,, u( (il(iiz~.Q &dJ 

from one=#~t-&~~3 spots of A in a colorless background to 
,,.i,) --&I[ ,yi.' - 

;', ,' 2 p?,/~ v&f 
tiny specks of A2, either throughout the kernel or Hre&ricted-7 

i .n. 4 ‘-I 

colorless areas in an otherwise pale-colored kernel. In addition, 

there were 110 colorless kernels. An ear of a tiller of this plant 

was used in a cross with a plant homozygous for a2. This ear was 

sectorial with regard to the expression &-a m-l 
2 l 

Nearly all the 
z i 

m-l 
, '?.O -_ '< 

a2 I kern&l> within a well defined sect&r,extending a distance of < ,h. 
. :,r' 

about 2/3& of the ear and covering several rows>were uniformly pale -3 
,k .; ‘. e; 

colored. Only 3 kernels within this secdror were variegated. *hey had‘: 
<- 
i 

tiny specks of the A2 phenotype in a colorless background. 4 On the . .;. 
> ‘, I ',.I ' ,;l)-?jl,' J,'n,; *_ 

rest of this ear, the a2m-1. kernels segregated in a 1 : 1 ratio G#S- t 3 
jp$& :., ? J P. 

,-!A- 
ok; ,:@ * 

uniformly pale colored $,Wvariegated. Among the vzrie@ed kernels, .? .4 n 

background in some kernels to specks of this in other kern&s. i Po&len 
4 

of plant 5303C-3 wqs pl,iced on the silks of a,p an n ear ?f i: omozygous for a2, 



Among the a2m-1 
q,. it. I(' 1y 

carrying kernels on the resulting ear, a ratio sf 
4 

1 uniformly pale colored kernel to 1 variegated kernels appeared and 
among the kernels in the driegated class 

the patterns of variegation,were similar to those of the reciprocal 

cross, just described. Kernels from this ear were sown in the summer 

of 1955 under culture number 6908. Tests conducted with one plant 

in this culture will be described. 

Plant 6903A-3 was derived from a pale colored kernel7 on the ear 

* 
mentioned above.. qkawegti-ia t-ma11 

': 

skwaJw -of--A~---~-appe~red-2n-a non-pigme&ed baakground. Pollen of this 

plant was placed on the silks of ears of three different plantsJeach 

homozygous for a2. Two of these three plants XICICE belonged to the 

regular a2 tester stock. The third had quite a different history. 

It was derived from a colorless kernel on an e-r produced by the 

cross of the the original plant carrying a1 m-l to a plant that had a2 

but was homozygous for Al. The original aim-' carrying plant was 
4 : ,.' ' \.+ I', ,:: ': P-c -1 ', y$&f 

al 
m-l /a,, %/a2 in constitution and it carried a number of Spm elements. 

;jig cAJy3-l /('/?-I !&. f LlyLo 
,- ! 

The colorless kernels on thi@ ear4should be a2/a2 and either Al/aim-' 

$,J r@J,y:l$ +wi w di fi,,&e 7i+i\33c 
or Al/al in constitutionJand ti should haxe WFHM& Spm elements.4u=S. 

wa, & d 
The plant ix~&G& the cross with plant 6903A-3 was w+e=J+e 

.q 

Al/ a1 9 as later tests showed. The types of kernels on the ears 



4 

ti 
with 

produced by crosses with theha tester plants and,this a2 plant were 

strikingly different. Among the 482 kernels on the ears produced by 

m-l 
!,‘,<? A” i c 

the former cross, all but 23 of the a2 
3 kernels were uniformly pale 

colored. of the 23 odd kernel$s, 11 were variegated for small specks 

of the A2 phenotpe in a colorless background and 12 were sectorial for 

such areas in an otherwise pale colored kernel. Among the 383 kernels 
( d.la;la, :ciuw) 

produced by the latter cross, 183 were totally colorless and 200 were 
? ' 4 . . '1 1 : 1 t ( 

ti'L $, ',,". 3 $1: ,$,, bd&gw-J *c t -5 . VQ ?‘. '. 
variegated 

A and the #@tern of ~~wasnsimilar,~ I. oi;!,t&u 

kernels gm--=-= 
- _ - . ...** S.p&s-oCtheA-2phenotype a$@eared In a 

colorless background (Photo. ). It was suspected that the Spm 
cl:! ,I ,,.",t f)'!' ,T?, gJ.J T,l;L(qd 3, i‘k? 1 :3 I yu^, [ ikq 

elements in the a2/a2 parent of this cross wfiresponsible for the 2: 
uniformly expressed 
variegated nynxln~~&~~~~mf%tx pattern in these kernels and that the&Spm 

elements ie were the same as those that control gene action at al m-l . 

Therefore, both MXIE variegated kernels and colorless kernels on this 

e7.r were sown in the summer of 1956 under culture number 7113 and tests 

1 
of the plants derived from &&were cotnmenced$in order to obtain 

evidence for the supposed identity of the system responsible for control 
n,,b' c 3 I-G ,, :"a yl )jf$ 

of a m-l 
A IL 

and a2m-1. 

Plants derived from variegated kernels on the ear just described 

were sown under culture numbers 7113A and 7113 B. Those derived from 



the colorless kernels were sown under 7113C and 7113D. A number of 

different types of test were conducted with the plants of culture 7113 
-r ,r, .,,',,.Z 2, c 

Included among them were crosses of the a2 m-1/a2,plants in A and B of 
1fl.d s\ \ ‘. 

culture 7113 to plants homozygous for a2 
&,dd! 

'derived from the tester stocks. 
A 4 

TWmants-~K~~AlTtiWn. The types of kernels 

appearing on the ears produced by these test crosses are entered in 

table 1. Some of the plants in culture 7113;' were also crossed by 

plants homozygous for al m-l (state 5718) and for A2 in which no Spm 

was present. This was done in order to determine the constitution 
-&Joi.FQ v 

of the plants in culture 7113 with respect to A, and also the presence 

in them of Spm elements capable of &n*+w a1 in the manner. 

%n balture 7113 
Some plants,proved to be A /A and others proved to be A /a 

i % 1 i* In all 

13 
d/-,-’ J-A 

..C * plants of the latter phenotype, one or more active Spm elements were 

d$J QQ -$.k*o b-c 
present as shown by the kernel* on Bars so produced, entered in table 2. 

4 A 1 4 
i l%kJC 

Comparison of ratios of uniformly pale kernels (no 3pm present) to 
/ 

w@ variegated kernels ( Spm present) for a2 m-l \" b 
and a 

m 1 ,&..sJJ cw y'.".: \ .hld 
- MLG eo-+d 

h 1 4 ,A 
'\ _ t 5.. r I i n 1 & 

be--m&i+ is summarized in table 3. 
!/JJ/ e y r/J&c 

C-M ratio*:c&Qq=es=A* 
i ' t-P 6, ',&I, !}fl ;>t\ JI'J'J " v. 

. 

In order to 
db 

evidence efSpm control of both a2 m-l and alma1 
J 

kernels were selected from ears of some of the crosses entered in table 2 



6 

and plants grown from them in the summer of 1957. These plants were 

tested in various ways& l-&ewAe-miM. The phenotypes of thee 

kernels that gave rise to the plants that were tested, as well as the 

number derived from each type-,are shown in table 2 along with the 1957 

culture number given to them. A description of these tests will commence 

with the plants in culture 7299,derived from the kernels on the ear produce 

by plant 7113C-5, table 2. From the ratio of pale colored to variegated 

kernels on this ear, it could be concluded that 7113C-5 carried one active 
:) I-" )., \ 1.. . i‘I'I‘G‘\_ ' $-? ‘J 

Spm element. All plants derived from kernels on this ear should be 
.ii “fi;] F.\~\;FH-J.$A 

/", 

al 
m-l /al 9 A2/a2 l Those derived from the uniformly pale colored kernels 

F 
should have no active Spm element in them whereas those derived from the 

variegated class of kernels should contain an active Spm element. All 

plants derived from the pale class of kernels were themselves uniformly 

pigmented, indicating the absence of an &ctive Spm element in them. 

All plants derived from the variegated kernels were variegated for 

small streaks of &he Al phenotype in a non-pigmented background, indicating 

the presence in them of an active Spm element. To test for the B 

0&+$!2: @3--*?&er the presence or the absence of & Spm element that 

controls gene action at a m-l 
a. , one or more ears of each plant were used in 

a cross with Al/Al plants that were either a2m-l/ a 
2 Or 9 

m-l /a m-l &i&l L 
2 
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in which no evidence of the presence of an Spm element was given either 

by the apperance of the plant:or by the 

ears produced by crosses of W them to a2/a2 &HI&-W plants. 
.I' 

these a2m-1 
&?iuc $4+-l ' 

Among 

ca -rying plants, ~&EEW different states,were represented,, 
-G,' 

One group of plants used as pollen parents in these crosses carried the 
,I., n fi I, *et; I,<!:? I' 

class If state of a m-l 
2 in one chromosome 5 and a2 in the homologue. 

A second group of plants carried a class I state of a2 m-l in one chromosome 

5 and a2 in the homologue. This state ps&m.mm gives early occurring 
- -,. f/iCC \b,,!lfr~. ‘2 

mutations to A2 or a2 in the presende of an active Spm element. *a 
#a, 

third group of Dlants carried this state of a2m-1 in one chromosome 5 and 

another class I state in the homologue. IF<4 
This latter state gives,many 

. , . : j/l *-- .' -. 
late occurring mutations to A2 in the presence of an active 3pm element : 4. 

,I+ I< ) '/ 'L ,p 
m-l 

", j:,, 
Thirty ears were obtained from crosses of these a sarrying plants; 

'T; 4 2 c;- ./ 'c r: .,.q? ( -_ 
to the 23 uniformly pigmented plants derived from the ear of plant 7113C-5: 

A .> i\ ; ,;- 
(table 2). On none of these ears did any variegated kernels appear. All$ 

-2 2 
the a2m-1/a2/a2 k ernels exhibited either a full A2 expression with the ,L I 

.,,. i ', 
class II state of a2 m-l or a uniformly pale pigmented phenotype with .,:L.X, 

y,jri"i -+ r,&*,l-f: 5 "t a .;g \I-!! A ' v p ! '. 
the class I states of a2 m-l 

"'f ',"“'q f/J:, J!p::% ..I .". . /? '&:, r,lC ff */:-. jlrr: .,I.,.- ‘"J.' ..Q . 
. 

4 
In crosses of these same tester plants to 

the 18 variegated plants in culture 7299, thirty ears were obtained. 

On all ears, variegated kernels appeared. The at*'/aL/aLkernels on 
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these ears were either uniformly pigmented or they were variegated for 

A2 spots in a colorless background and the ratio of these two classes of 

kernels approached 1 : 1 on the majority of ears. 
.‘I 

was contselled by aIf- Spm- e3rement--~~--~p2~. Lb 
-J~l.rr* I ( b L 

,t*nfthan n~Ltu~?e 729-9 supported the assumption that &k r. /t 

fully active Spm element in the al m-l cultures was capable of controlling 

gene action at a2 m-l and in the same manner that it does with a1 m-l , 
-?- 

,,Jt,;,,,:\~,~l: ‘J< *i:,.r:” ‘&I( 

&F@th th e class I st.:tes of a2 m-l this Spm induces mutation patterns 
!?I/ '[ 

that are quite consistent among the kernels cairying one particular stttte 
IQ+; 

>' 
of a2 m-l . e 

< 
ihe same types of test as those just described were cond-acted with $ 

6 
the progeny of plant 7113C-8 and 7113D-5, table 2. As shown In this 

table, the ratio of pale to variegated kernels on the ear produced by 

each of these two 

one active Spm element. '$%e results obtained from tests of the 43 
4 

progeny plants were similz to those just described/with the exception 

of two plants. The results obtained from tests of these two plants 

will be described shortly. Sixteen of the 17 plants derived from 

uniformly pale colored kernels were themselves uniformly :,igmented. On 

ears produced by these 16 plants in crosses with the a2 m-l tester plnats, 



%ns,>hese tests showed that the response of a1 m-l and a2 m-1 to the 

presence or absence of Spm in the same plant was alike. Those plants 

having an Spm capable of controlling gene action at a1 m-l likewise had 

an Spm capable of controlling gene action at a2 . m-l Gonversely, those 

plants that had no Spm to which al m-l would respond also had no Spm to 

which a2 m-l would respond. 
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no variegated kernels appeared. All,26 plants derived from variegated 

kernels were themselves variegated for streaks of the Al phenotrpe in a 

non-pigmented background. The ears produced by 25 of these plants in 

crosses with the a2 m-l tester plants indicated the presence in each of 
: I -: ' < 

one or more active Spm elements capable of controlling gene expression at 

m-l 
a2 l 

One fully active Spm element was present in 11 plants, two 

such elements were present in 8 plants and three or more were present in 
_%A '.‘~t.-,R 1;;:.*, 1 ‘/W 

6 plants, the number of Spm elements being w-bydthe ratio of 

uniformly pale colored kernels to variegated kernels among these that 
%I, 

were a n, 2m-1/a2/a2 in constitution. 

The two exceptional plants, mentioned above, are important for this 

GL 
study fe m the tests conducted with them and with their progeny 

serve to confirm the precise control of a1 m-l behaviop,, and in':' 

s:'> . d&k \n* 0 &fJefc jjJ\ &A *" 
and a2m-1 '> ._ 

td23 -manner Eer-each'ty ~par&zn3+5r tipm element. One of the < 3 
A \‘i 

% 
plants, 7470A, derived from a uniformly pigmented kernel on the & 

& 

ear of plant 7llP-5 (table 2))had an Splp with altered action. It ‘2- 

proved to be Spm-w that undergoes frequent but late oticuring changes to > 
,; 

Spm-a. The second exce-'tional plant, 7467-1, derived from a variegated : :x c! 

kernel on the ear produced by plant 7113C-8 (table 2), carried an Spm %:' "- 

. . element that was undergoing cyclical change w phase. The A 
types of test conducted with these two plants and with their progeny 
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will be considered at the end of this section. 

rlants 7113B-1 and B-Q), table 2, were Al/al, a2 m-l/a2 i n constitution, 

From the ratio of narsf~ngarf~$ pale to variegated kernels on the ears 

produced by the cross entered in this table, two or more active Spm 

elements were present in each. Tests conducted with the plants derived 

from the uniformly pale colored kernels and from the variegated kernels 

on these ears will now be considered. The 11 plants derived from the 

uniformly pale colored kernels were themselves uniformly pigmented. 
II 

J?ifteen test cross ears were obtained from these 9 plants, the type:of 

cross being the same as thdoutlined above. On each of these ears, all 

a2 
m-l / a2'/a2', a2m-1/a2m-1/a2, or a2m-1/a2m-1/a2m-1 kernels were 

uniformly pigmented. None were variegated. Of the 8 plants derived 

from the variegated kernels (culture 7298, table 2) all were vriegated. 

On the 10 testcross ears obtained from them, both uniformly pale colored 
among those that were either homozygous for a2 m-l or heteroH+flug for it 
kernels and variegated kernels appeared, .' %+=--zYLY~&L~&.~ 

From the ratio of these two Phenotypes on the di ferent ears, it was 

,& concluded that 3 active Spm element was present in 5 plants, two active 

dprn elements were present in 3 plants, and 
,& 

# or more active spm elements 

were present in PllpuT 1 plant. Again, these tests showed that plants h+.ving 

no Spm as judged by al m-l behavior had no 3pm as judged by a5-l behaviorm 
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and those having Spm as judged by al m-l behavior likewise had Spm as 

judged by a2 m-l behavior. 

Extensive tests were made with plants derived from the Al, A2 

kernels entered in table 2. 'ihese kernels were selected from ears of 

plants in culture 7113 that had a2m-1 in them, uach selectdd kernel 

had an area in it in which A2, delivered by the male parent , had been 
1 -4: 0. j,":""l!: x':; ; qJ- !I,'; 2. '-,~::,~~~,,~ a~+// ->./I(;:: : :!'* 

lost4 'his allowed the presence of a2 m-1 , delivered by the female 
‘i; ‘,.J;” 7”’ ‘;‘,* qg& ,y,‘.! ( I , 

parent, to be revealed. In 17 of these kernels, this area had spots of 4 

A2 in a colorless background, indicating the presence in the kernel of 

both a2m-k and of Spm. In one kernel, the a2m-1 area was uniformly 

pale colored, suggesting that this kernel had received a2 m-1 from the 

female parent but no ";prn element. Lhus, all 18 plants derived from 

these selected kernels should be Al/almN1, A2/ a2m-1 in constitution and 

in 17 of them, Spm also should be present. Each of the 17 plants 
~)iL\A~"w :.kIk 

in which Spm was present were used in making crosses with plants 
A 

homozygous for Al and for a2 in which no Spm was present and also with 

plants that were B9mozygous for al and A2 and/or homozygous for al m-l 

and A2 in which no dpm was present. zhe phenotgpes of kernels on the 

ears produced by test crosses of each of the@17 plants are entered in 

c 
table LCt '- 

I 4, 
*he Spm constitution of each is summarized in table 5. 
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0n1.y two of the 17 plants had 2 Spm element in them. All other 

plants had more than D ~H+&MH& . In one of the two plants hiving & 
-It\ h.,.r~*o ‘g close to a m-l 

2 
Spm element , plant 7296A-2, this Spm element,,- located,in chromosome 5. 

. It will be noted that the-- '.n -ratio of uniformly pigmented 

.&-&:s;df ti 
kernels (no 3pm) and variegated kernels (Spm present) is very m&&e&in -$ 

..A .(: 
e- 

Plant 7296A-2 was a2 m-1 Pr/ hl &. 
F 

a2 pr in constitution. The alme 4 tester plants used in making crosses L 
~~(~1Vij .' . --.I '/.A *? 22 -;! : I i i >, 3J bdI,lJAW~ '1)'; 

with this plant was homozygous for pr. On these ears4 the distribution 

pale + 
of Pr and pr to the uniformly.pigmented kernels and'ihe variegated kernels A 

indicated that the single "pm in plant 72968-2 was located in the 1 

chromosome 5 carrying Pr and at a distance that was approximately 30 
-~~y:i.! "4. 

crossover units from Pr. The percent crossing over between Pr and A2 
.--\ 

is approximately 28 percent. Thus, the evidence from the two sets of 
.,!"Q &r' 

test crosses placeq Spm very close to a2 m-1 in plant 7296A-2. 

Plant 72978-2 had Oprn elements in it . It was Wx/wx and in the 

cross with the al m-l m-l /al , no Spm tester plant that also was wx/wx, 

linkage of one of the two Spm elements with Wx was made evident. Among 

,.. the kernels en==&=-~ on the ear that were, homozygous for al m-l 

there were 111 pale colored kernels (no jpm) of which 27 were Wx and 84 

were wx. Among the 288 variegated kernels, 167 were Wx and 121 were wx* 
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was given 
In tests of plant @468A-2, evidence&of the presence of 3 dpm elements 

tested 
in the cells that gave rise to ea d of the two,ears.this plant. 

$ 
Pollen 

collected from a tassel of this plant was used on silks of ears of plants 

that were At/Al, a2/a2 no Spm and also on ears of plants that were al m-l / 

"1 
m-l , A2/A2 in which no Spm was present. The ratio of variegated to 

pale kernels on the ears these plants produced indicated that in the 

part of the plant that produced the tassel from which pollen was collected, 

only 2 Spm elements were present. 

Plant 7298A, derived from an Al, A2 kernel in which an area was 

present that exhibited a pale phenotype was suspected to be Al/almol, 

A2/ a2m-1 
\ ,Q, c active 

in constitution in which no,Spm element was present. It was 
A 

used in crosses with plants that were Al/Al, a2/a2 in which no Spm was 

present and with plants that were a1 m-l m-l /al , A2/A2 in which no Spm 

was present. On the ears produced by these crosses, no variegated 

kernels appe,-:red, A and C, table 6. In order to show that the a2m-1 

in this plant would respond to an active Spm element, the ear produced by 

the main stalk and an ear of a tiller were used in crosses with plants 

homozygous for Al and a2 in which 1 Spm was present. (For tests of the 

presence of one Spm in each of these plants, 7308D-1 and 7308D-2, see 

page .I The types of kernels appearing on each of these ears is 
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given in B of table 6. It was clear frnm.thcrPP that plant 72988 had 

no-active Spm element in it to which either a m-1 or a m-1 could resp;;nd. 

< m c"EvLiI)&l q J- 
1 2 

ULGGG&W evident that the a m-l 
2 in this plant would have respnnded to 

Spm had it been present. It was also known that the aim-' delivered by 

the almN1 
2 

no Spm tester stock would have responded to Spm had it been 

present as these same tester plants had been unsed in many other crosses an 

these had clearly demonstrated its capacity to respond to Spm, ,.- 
7% g/l r.:f’( 

Altogether, 121 plants were tested in the summer of 1957 w the 31'1:!!"..‘/ 

respnse of a m-l 
1 and a2m-1 

-fthe selection of plants to be tested forits...presence or abeeYr-ce was based 

on the known response of only one of them, either al m-l m-l . 

In all"iYZ d 
6f& (,&&WA h 

or a2 ;- 

, the-re+pUa m-l'~nA m-l 
7/f!‘ '-211. c r/tccF@ k@ 

q-*fTl l@.\,,&q mul 1 2 
w&G quite a&fke to--the 

2‘. p.w, _I) ~ :w-r/ “I "‘I, l _ 
presence or absence of Spm, , and to the number of w present. There 

,A 

were no exceptions to this. The two plants among the 121, plant 6467-l 

and 74708~5)in which a single Spm with modified action was present,oriLy 

served to strengthen t&e evidence of the common type of response of a1 m-l 

m-1 
-p&t p;,p b p..:@JJ &yp ?.% ! 3 

and a2 to the same Spm element. 
p&L + A rr II! $gg ‘;)?y y/q ~,gg,::tg:l:$ 

Plant 7467-l was derived from a variegated kernel on the ear produced 

by plant 71130-8, table 2. Its constitution was al m-l /a,, A2/a2 m-l 

(spotted). The plant derived from it was expected to be variegated for 
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Al s&reaks in a no&pigmented background. The main stalk of the plant, 

however, was uniformly pigmented a= if no Spm were present in it &#-the 

tiller,ar,. waa-s-~&~r&af--fer areas in which small streaks 

appeared in a non-pigmented background. TkefW 

-&i, $JJ~?WFI 
suggested that L 

'&Jfqy&@j 1A/ L u+! 
an inactive Spm element Ln=+t that%as undergoing 

1 

change to the active phase in some cells of the tiller. The silks of 

the first ear on the main s-talk received pollen from a tester plant that 

was Al/Al, a2m-1 (early) Bt/a2m-1 (late) bt in which no Spm was present. 

Among the 393 kernels on this ear, 193 were fully pigmented, that is, A2, 

and 200 were a 2m%2/a2. Among the latter, 133 were uniformly pale 

pigmented, as if no Spm were present in them, and 67 were variegated. 

However, in only 4 of these 67 variegated kernels was the type of variegati 

that expected f;8 appear in the presence of a fully active Spm element. 

In the remaining 63 kernels, Spm was active only in a sector in the 

kernel (small specks of A2 in a colorless area of an otherwise pale 

pigmented kernel) or was weakly active throughout the kernel ( small specks 

of A2 in a colorless background throughout the kernel). 

The silks of the ear produced by the tiller received pollen from a 

plant that was Al/al, a2m-1( spotted) Bt/a2 bt in which no Spm was present. 

There were 156 kernels on this ear and 49 of them were fully pigmented 
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(Al, A2)’ In addition, there wex,e 83 kernels that were either colorless 

or pale pigmented and 24 that were variegated. Among the latter, 7 
j'; 't;-& , r) .w 11 

were variegated for spots of Al in a colorless background, 11 had spots 

c &', ( 2 $0 ii 
of A2 in a colorless background, and 7 had a type of variegation that could 

a' t 

be expected if the kernels PLHIPIZX +*-' .J. ' 5s hf$ - 
,&&!J ip,t gc 9 ( (:, 4 J f’ @r/I .-I -w ! r/p;Apj 

___._ -. __-.. W-zN$y almwl and a2m-l/l *. ” - 
~ Aq 

,,~ 1. &&%L undergoing mutation to 

Al and A2. The cross was made to obtain just these kernels in order 
n I 

to test the ~~3~xxx~xx~nf type of response of a1 m-l and a2 m-l to the sssp~c 

Spm element in the plants derived from 

Prom the ear of the main stalk, seven plants were grown from ke ,nels 

that had small A2 specks in a colorless Background under culture number 

7577A)and 3 plants were grown from the 4 variegated kernels in which a 

fully active Spm element appe--red to be present under culture number 

7577B. All 7 plants in culture 7577--A were darkly pigmented except for 

a few areas in which pigment was absent, and in some of these areas, 

small streaks of the A2 phenotJrpe appeared. Obviously, these plants 

had an Spm element in them that w-;ts undergoing change in phase of activity, 

from in::active to active in some cells during the development of the plant. 

plants in B of culture 7577 were similar. Thegln plants in both A and B 
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of this culture were tested by c& with plants homozygous for al m-l 

7.h 13 
(state 5719A-1) and A2 in which no Spm was present and with plants 

A 

homozygous for Al and a 2 in which no Spm was present. The appearance 

of the kernels on the ears these crosses produced XJCH is shown in table 7. 

It was obvious that the Spm ele!nent in each of these plants was behaving 

as it had done in the parent plant, 7467-l. It was in its inactive 
; I ! ‘I, ‘i y, 

phase during much of the early development of the ,,lant, turnijip<to the 

4 1" s t.j ' 
active phase in some cells only late in development. Zhe response of 

both a m-1 and 1 a m-1 2 to the activity phases of Spm was exactly alike. 

four plants were grown under culture number 75788 from 

the ear of the tiller of plant Q467-1 that appeared to nave 

and both a m-l 
1 ad a2 m-l m-l 

>,,:rI' 
( /alm-'/alm-' "1 or a lm-l/al/al 

! '. 

kernels on 
. . 

Spm and 

and a2m-1/a2/ 

a,). In addition, six plants were grown under culture number 7578B from r' 

kernels that were uniformly pale pigmented, the type of pigment indicating 

that they were Al, a2m-1/a2/a2 in constitution. The six plants in 

culture 7578B will be considered first. Five of them gave no evidence 

of the presence of Spm in them either from the appea:'ance of the plant or 

from tests that were conducted with each. One plant, 7578B-4, however, 

had a few sectors in which small A2 streaks appeared in a non-pigmented 

background. The remainder of this plant was uniformly pigmented, 
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It was obvious that this plant had an Spm element in it that was in its 

inactive phase in most parts of the plant, turning to the active phase in E 

few cells rather late in development. Thus, the pattern of "pm activity 

resembled that in the parent plant, 7467-l. The first ear of plant 

7578%4 which was Al/aim-', a2m-1/a2 in coxstitution, was used in a cross 

with a plant that was homozygous for Al and a2 in which no Spm was pre-.ent. 

On the resulting ear, there were 210 uniformly pale pigmented kernels, 

215 totally colorless kernels, and one kernel that was variegated in partom 

Three-quarters of the aleurone layer of this kernel had spots of A2 

pale 
in a colorless background and one-quarter was uniformly,pigmented. 

'I'his was the only kernel on the ear that gave evidence of the presence of 

Spm in“-t. The Spm in this kernel had changed from the 

inactive to the active phase early in development of the endosperm. 

The second ear of the main stalk of plant 757813-4 was used in a cross with 

a plant homozygous for al m-1 (state 5719A-1) and for A2 in which no Spm 

was present. This ear produced 460 kernels, half of which were homozygous 

for aim-'. In 79 of these latter kernels, evidence was given of the 

presence of Spm in them but in none of these kernels was Spm fully active.- 

In most of them, Spm had changed from the inactive to the active phase 

rather late in development of the kernel. 
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Two tither plants in culture 7578B were te:sted for the presence in 

them of an inactive Spm element by crosses of each with plants th:it were 

homozygous for Al and a2 in which one or more active Spm elements were 

present. The usefulness of this test for revealing an inactive Spm 

element has been descrbved elsewhere. An ear of pl,ant 7578B-2 was used 

in a cross with a plant of the constitution given above in which one 

active Spm element was present (plant 7538-4, see page ). On the 

resulting ear, there were 212 totally colorless kernels and 226 kernels 

carrying a2 m-l . Among the latter, 152 were uniformly pale pigmented and 

the 
74 were colorless with spots of,A2 phenot;:pe and in nearly all of them 

large 
*areas exhibiting the pale phenotype also were present. Had plant 

7578B-2 carried an inactive Spm , half of the variegated kernels would 

have had no pale areas or only a few small pale areas. It could be 

concluded, then, that plant 7578X3-2 had no sprn element in it. This same 

conclusion was drawn from a similar type of test of plant 7578B-3. An 

ear of this plant was used in a cross with plant 7538-6 which was homozygou 

for Al and a2 and also for Spm ( see page for discussion of the 

constitution of this plint). On the ear produced by this cross, 196 

kernels were totally colorless and 186 carried a2 m-l . Among the latter, 

22 were uniformly pale pigmented and 164 had spots of A2 in a colorless 

background. In the majority of the variegated kernels, large pale areas 
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also were present. Obviously, plant 7578B-3 had no Spm element in it. 

Thus, of the six tested plants in culture 7578B, only plant number 4 

gave evidence of the presence of Spm in test crosses with either or both 

al 
m-l and a2m-1. 

Each of the four plants in culture 75788 had an Spm element in it. 

The kernels that gave rise to these plants were selected from the tiller 

ear of plant 7467-l because the Spm element in each appeared to hxve 

undergone change in phase of activity considerably earlier than in 

the otht>r =prn carrying kernels on this ear. If this change from inactive 

to active phase had occurred before gamete formation, an Spm with a new 3 

pattern of cyclical changes in phase of activity could be expected to 
3 : i 00 I 

appe:r in the plant derived from a kernel in which this had occurred0 ‘2 . 

This proved to be the-ease for two of the four plants in culture 7578At 

The tests conducted with each of these four plants is shown in table 8, 

In plants number 1 and 2, the Spm element in e-,ch underwent change in 

phase from inactive to active in a manner that resembled the pattern of 

this w in the parent plant, 7667-1. In plant number 3, Spm 

TbD pHp\C 
was active in most parts of the plant, undergoing charge to inactive in 

r\ A 
w/&z 

a few cells, early in plant development. In plant number 4, Spm was 
-9 

($9 

$).;:A'-i r . 
active in all parts of the plant, 

.,,;I z pC Es+ 

4 
undergotig change to inactive quite 

A .I 

late in development,Wly in U 0 



21 

The described tests of the progeny of plant 7467-l clearly indicated 

that both almB1 and a2 m-l would respond arUk~ in like manner to the 

ae-tizLty phase.-eGSpm3& t-he change? in 

kernel. Thus, these tests serve as an additional proof of the identity 

of the system controlling gene action at a m-l 
1 and a2m-1. Similar 

evidence was obtained from tests of the progeny of plant 747&i-5, to 

be described below. 

Plant 7470A-5 was derived from a uniformly pale pigmented kernel on 

the ear produced by the cross of plant 711T1'-5 (table 2). *t carried 

an Spm element but the action of this elementswas weak ("pm-w) in mo:;t 

parts of the plant. Ghange from Spm-w to Spm-s occurred in some cells but 

only late in development. of the plant and of the endosperm tissue. fhi s 

plant was a1 m-1 (state 5718)/ al, A2/a2 in constitution. The first ear 

of the main stalk was used in a cross with a plant that was Al/Al, a2m-1/a2 

and in which no 3pm was present. The state of a2 m-l was one that gives 

early occurring mutations to A2 and to colorless in the presence of a 

fully active Spm element. On the ear this cross produced, there were 

127 kernels that were uniformly deeply pigmented (A2) and 69 that were 

totally colorless (a2/a2/a2). There were 64 kernels that were a2 m-1/a2/a2- 

in constitution. *hirty-three of them were uniformly pale pigmented and L 
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31 were variegated. %LMJKXmP%XAkE In only one of the latter kernels 

was the pattern of variegation that which appears when a fully active Spm 

is present (see photo. ),6 In all other kernels, only small siJots of the 

A2 phenotype appeared in a colorless background (photo. >. Nine plants 

were grown from these kernels under culture number 7580A. The single 

kernel that had large A2 and colorless areas (ti~xxxQqx variegation 

pattern with Spm-s) was sown under culture number 758023. This plant, 

however, died during the very unfavorable growing condutions of the spring 

of 1958. 

'he types of t est cross conducted with theblants in culture 7580A are 

shown in table 9. Each had an Spm-w element in it. Both a1 m-l and a m-l 
2 

responded &jh like manner to this spm-w element. The state of a1 m-l used 

in the test cross gives only one or a few spots or specks of Al or none at 

all in the presence of Spm-w. In the presence of dpm-s, it gives many 

small spots of Al (compare photo. with photo. )0 The state of a2 m-l 

responds to Spm-w by producing a number of small spots of A2 in a colorless 

tackground. With Ypm&, it gives many large areas of A2 as well as a 

number of smaller af'eas (compare photo. with photo. >0 On all testcros: 
with 

ears, some kernels were present i3FWWS~ sectors &~jRQ5s%~d within which a 

pattern of variegation appeared resembling that produced by Spm-s 
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(photos ). The time during development of change of =prn-w to +.u-s 

was so late that very few kernels were produced that exhibited an apm-s 

type of response of al m-l or a m-l 
2 thrownuub the kernel. Nearly all 

such changes occurred during endosperm development, and the majority of 

these took place rather late in its development. Evidence of this was 

given by the response of both alm" and a2m-1 to these changes in degree of 

activity of Spm. 

The ear of the tiller of plant 7470A-5 was used in a cross with a 

plant that was Al/al, a2m-1(spotted)/a2 in which no Spm was present. On 

$he ear this cross produced, there were 58 fully pigmented kernels (A and 
1 

A2), 133 colorless kernels, 32 lightly pigmented ke-nels and 62 kernels tha 

had spots of deep pigmentation in a colorless background. Among the 

variegated kernels, 10 appe,+red to be aim-', A2 in phenotype, 11 appeared 

to be Al, a2m-1 in phenotype and 41 were nearly totally colorless, only a 

deep pigment being 
small spot or speck of mm-r being seen in these kernels, six pl,ants 

were grown from the variegated kernels that appeared to be al m-l , A2 

under culture number 7581A and five plants were grown from the kernels that 

were nearly colorless, under culture number 7581B. All plants in 

A of this culture were variegated in that some small $treaks of deep 

anthocyanin pigment appears in a non-pigmented background. 'he p&ants in 
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B of this culture were nearly completely non-pigmented. Only an occasion& 

very small streak of anthocyanin pigment appeared in them. The test 

crosses conducted with the plants in culture 7581 and the results obtained 

from them are entered in table 10. In three of the five tested plants in 

A of this culture, one Spm-w element was present. It was behaving much as 

it had done in the Spm carrying parent plant. 'hanges from Spm-w to Spm-s 

-1 
were occurring but only late in development. Plants 7581A,and A-4 

had 2 Spm elements in then. One of these laat3 the Spm-w state and the 

other was Spm-s. This latter appeared to be undergoing change in phase 

of activity from tiactive to inactive in some ce-ls, late in development. 

fhe four testeel plants in B of culture 5781 all had an Spm-w element i: 

them and it was behaving much as it had dome in the palsent plant. These 

plants probably were a1 m-l , a2 m-l although tests for this were conducted 

only with plant B-4, The Spm-w in these plants was changing to Spm-s 

in some cells of the kernels having it but usually, only la e in developmen 

of the kernel. In *mtiXmf plant 571BlB-4, tests were conducted of the 

response of a1 m-l and a2m'1 to the Spm in it. The states of each were 
>' 

much alike and the pattern of spots each produced in the kern&l in the 

presence of the dprn in this plant was much alike. Each produced only a 

few deeply pigmented spots in the presence of the Spm-w element in this 

plant. Also, each responded in like manner to change of dpm-w to Spm-s, 
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With both al m-l and a2m-1, Spm-w reduces the frequency of occurrence of 

mutation in comparison to Spm-s and also retards the time of their 
\' ,I 

occurrence. With the two a2 m-1 states examined ( ec~trly and spotted) the 

effect produced by spm-w was the same as thet which if;ven by similar 

states of a m-l 
1 , reviewed in section IV. 

The common response of a1 m-l and a2 m-l to the same Spm elements 

was reveAled by other tests conducted during the summer of 1958. In all 

cases, both aim-' and a2m-1 respo:lded in like manner to the Spm element or 

elements in a tested plant. Since the tests reported in this section 

need 
reveal this common respo:.se, the-additional tests ptjtkl not be reviewed here 


